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calculations, using the tap coefficients and the class taps, to 
generate decoded picture data. 
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DATA PROCESSINGAPPARATUS AND 
METHOD AND RECORDING MEDIUM 

This is a divisional of application Ser. No. 10/030,591, 
filed Jun. 3, 2002, now U.S. Pat. 7,035,471, granted Apr. 
25.2006, which claims priority to Japanese Patent Applica 
tion No. 2000-135356, filed May 9, 2000, Japanese Patent 
Application No. 2000-135357 filed May 9, 2000, and Inter 
national Application No. PCT/JP01/03873, filed May 9, 
2001, the entirety of which are incorporated herein by 
reference. 

TECHNICAL FIELD 

This invention relates to a data processing method and 
apparatus and to a recording medium. More particularly, it 
relates to a data processing method and apparatus and a 
recording medium which may be used with advantage for 
decoding e.g., irreversibly compressed pictures. 

BACKGROUND ART 

Digital picture data, for example, are exorbitant in data 
volume, so that, if the data is to be recorded or transmitted 
directly, a recording medium or a transmission medium of an 
extremely large capacity is required. Thus, in general, pic 
ture data are compression-coded for diminishing the data 
Volume before recording or transmission. 
Among the systems for compression-coding a picture, 

there are a JPEG (Joint Photographic Experts Group) sys 
tem, as a compression encoding system for a still picture, 
and an MPEG (Moving Picture Experts Group) system, as a 
compression encoding system for a moving picture. 

For example, the encoding and decoding of picture data in 
accordance with the JPEG system are performed as shown 
in FIG. 1. 

FIG. 1A shows an illustrative structure of a conventional 
JPEG encoding device. 

Picture data to be encoded are input to a blocking circuit 
1 which then divides the input picture data into plural blocks 
each composed of 8x8-64 pixels. The blocks obtained in the 
blocking circuit 1 are routed to a discrete cosine transform 
(DCT) circuit 2. This DCT circuit 2 applies DCT processing 
to each block from the blocking circuit 1 to transform the 
block into a sum total of 64 DCT coefficients comprised of 
a sole DC (direct current) component and 63 frequency (AC 
(alternating current)) components. The block-based 64 DCT 
coefficients are routed from the DCT circuit 2 to a quanti 
zation circuit 3. 
The quantization circuit 3 quantizes DCT coefficients in 

accordance with a preset quantization table to route the 
results of quantization, referred to below as quantized DCT 
coefficients, along with the quantization table used for 
quantization to an entropy encoding circuit 4. 

FIG. 1B shows an instance of a quantization table used in 
the quantization circuit 3. In the quantization table, the 
quantization steps are set in general in order to take char 
acteristics of the human visual system into account so that 
low frequency DCT coefficients, which are more crucial, are 
quantized finely, whereas high frequency DCT coefficients, 
which are less crucial, are quantized only coarsely. This 
Suppresses deterioration of the picture quality of a picture to 
assure efficient compression. 
The entropy encoding circuit 4 applies entropy encoding 

processing, such as Huffman encoding, to the quantized 
DCT coefficients, from the quantization circuit 3 and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
appends the quantization table from the quantization circuit 
3 to output the resulting encoded data as JPEG encoding 
data. 

FIG. 1C shows the structure of an instance of a conven 
tional JPEG decoding device 10 used for decoding the 
encoded data output by a JPEG encoding device 5 of FIG. 
1A. 
The encoded data are input to an entropy decoding circuit 

11, which then separates the encoded data into entropy 
encoded quantized DCT coefficients and the quantization 
table. The entropy decoding circuit 11 entropy decodes the 
quantized entropy encoded DCT coefficients to route the 
resulting quantized DCT coefficients along with the quan 
tization table to a dequantization circuit 12. The dequanti 
zation circuit 12 dequantizes the quantized DCT coefficients 
from the entropy decoding circuit 11, in accordance with the 
quantization table from the entropy decoding circuit 11, to 
send the resulting DCT coefficients to an inverse DCT 
circuit 13. The inverse DCT circuit 13 applies inverse DCT 
processing to the DCT coefficients from the dequantization 
circuit 12 to send the resulting 8x8 pixel decoded block to 
a deblocking circuit 13. The deblocking circuit 13 deblocks 
the decoded blocks from the inverse DCT circuit 13 to 
derive an output decoded picture. 

With the JPEG encoding device 5, shown in FIG. 1A, the 
data volume of the encoded data can be diminished by 
increasing the quantization step of the quantization table 
used in quantizing the block, thereby realizing high com 
pression. 

However, if the quantization step is increased, the so 
called quantization error is also increased to deteriorate the 
picture quality of the decoded picture obtained in the JPEG 
decoding device 10 of FIG. 1C. That is, blurring, block 
distortion or the mosquito noise etc are produced apprecia 
bly in the decoded picture. 

Thus, if the data volume of the encoded data is to be 
diminished but nevertheless the picture quality of the 
decoded is not to be deteriorated, or if the data volume of the 
encoded data is maintained as the picture quality of the 
decoded picture is to be improved, some processing or other 
for improving the picture quality needs to be carried out 
subsequent to JPEG decoding. 

However, if processing for improving the picture quality 
is to be performed subsequent to JPEG decoding, the pro 
cessing is complicated to prolong the time until the decoded 
picture is ultimately produced. 

DISCLOSURE OF THE INVENTION 

In view of the above-described status of the art, the 
present invention contemplates to enable a decoded picture 
of high picture quality to be produced efficiently from e.g., 
a JPEG encoded picture. 

According to the present invention, tap coefficients as 
found on learning are acquired, and the so acquired tap 
coefficients are used along with the converted data to 
execute preset calculations to decode the converted data to 
original data. 

That is, the present invention provides a data processing 
apparatus including acquisition means for acquiring tap 
coefficients as found by learning, and decoding means for 
decoding the converted data to original data by preset 
predictive calculations employing the tap coefficients and 
the converted data. 
The present invention also provides a data processing 

method including the steps of acquiring tap coefficients as 
found by learning, and decoding the converted data to 
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original data by preset predictive calculations employing the 
tap coefficients and the converted data. 

The present invention also provides a recording medium 
having recorded thereon a program including the steps of 
acquiring tap coefficients as found by learning, and decoding 
the converted data to original data by preset predictive 
calculations employing the tap coefficients and the con 
verted data. 

According to the present invention, pupil data, as pupil, 
are generated on at least orthogonal or frequency transform 
ing teacher data as teacher, and tap coefficients are found by 
effecting learning so that the prediction error of prediction 
value of the teacher data obtained on predictive calculations 
using the tap coefficients and the pupil data will be statis 
tically minimum. 

That is, the present invention also provides a data pro 
cessing apparatus including generating means for generating 
pupil data, as pupil, by at least orthogonal or frequency 
transforming teacher data, as teacher, and learning means for 
effecting learning so that a prediction error of prediction 
value of the teacher data obtained on predictive calculations 
using the tap coefficients and the pupil data will be statis 
tically minimum, to find the tap coefficients. 

The present invention also provides a data processing 
method including the steps of generating pupil data, as pupil, 
by at least orthogonal or frequency transforming teacher 
data, as teacher, and effecting learning so that a prediction 
error of the prediction value of the teacher data obtained on 
predictive calculations using the tap coefficients and the 
pupil data will be statistically minimum to find the tap 
coefficients. 
The present invention also provides a recording medium 

having recorded thereon a program including the steps of 
generating pupil data, as pupil, by at least orthogonal or 
frequency transforming teacher data, as teacher, and effect 
ing learning so that a prediction error of the prediction value 
of the teacher data obtained on predictive calculations using 
the tap coefficients and the pupil data will be statistically 
minimum to find the tap coefficients. 

According to the present invention, tap coefficients as 
found on learning are acquired, and preset predictive calcu 
lations are executed using the tap coefficients and converted 
data to decode the converted data to original data, which 
original data is processed in a preset fashion to produce 
processed data. 

That is, the present invention also provides a data pro 
cessing apparatus including acquisition means for acquiring 
tap coefficients as found by learning, and calculating means 
for executing preset predictive calculations using the tap 
coefficients and the converted data to decode the converted 
data to original data and to produce processed data which is 
the original data Subjected to preset processing. 

The present invention also provides a data processing 
method including the steps of acquiring tap coefficients as 
found by learning, and executing preset predictive calcula 
tions using the tap coefficients and the converted data to 
decode the converted data to original data and to produce 
processed data which is the original data subjected to preset 
processing. 

The present invention also provides a recording medium 
having recorded thereon a program including the steps of 
acquiring tap coefficients as found by learning, and execut 
ing preset predictive calculations using the tap coefficients 
and the converted data to decode the converted data to 
original data and to produce processed data which is the 
original data Subjected to preset processing. 
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4 
According to the present invention, teacher data as teacher 

are processed in a preset fashion and the resulting quasi 
teacher data are at least orthogonal or frequency transformed 
to generate pupil data as pupil. Tap coefficients are then 
generated on effecting learning so that a prediction error of 
the predicted value of the teacher data obtained on predictive 
calculations employing the tap coefficients and the pupil 
data will be statistically minimum. 

That is, the present invention also provides a data pro 
cessing apparatus including quasi-teacher data generating 
means for processing teacher data as teacher, based on the 
preset processing, to produce quasi-teacher data, pupil data 
generating means for generating pupil data as pupils on at 
least orthogonal or frequency transforming the quasi-teacher 
data, and learning means for effecting learning for statisti 
cally minimizing a prediction error of the predicted value of 
the teacher data obtained on predictive calculations employ 
ing the tap coefficients and the pupil data to find the tap 
coefficients. 

The present invention also provides a data processing 
method including the steps of processing teacher data as 
teacher, based on the preset processing, to produce quasi 
teacher data, generating pupil data as pupils on at least 
orthogonal or frequency transforming the quasi-teacher data 
and effecting learning for statistically minimizing the pre 
diction error of the predicted value of the teacher data 
obtained on predictive calculations employing the tap coef 
ficients and the pupil data to find the tap coefficients. 
The present invention also provides a recording medium 

having recorded thereon a program including the steps of 
processing teacher data as teacher, based on the preset 
processing, to produce quasi-teacher data, generating pupil 
data as pupils on at least orthogonal or frequency transform 
ing the quasi-teacher data and effecting learning for statis 
tically minimizing the prediction error of the predicted value 
of the teacher data obtained on predictive calculations 
employing the tap coefficients and the pupil data to find the 
tap coefficients. 

According to the present invention, data of interest among 
original data is assigned to one of a plural number of classes, 
based on Subsidiary information, and tap coefficients corre 
sponding to the class of the data of interest, among class 
based tap coefficients, as found on learning, are acquired. 
Preset predictive calculations are then carried out, using the 
converted data and the tap coefficients corresponding to the 
class of the data of interest, to decode the converted data to 
original data. 

That is, the present invention also provides a data pro 
cessing apparatus including classification means for assign 
ing data of interest in the original data to one of a plurality 
of classes, based on the Subsidiary information, by way of 
classification, acquisition means for acquiring tap coeffi 
cients associated with the class of the data of interest, in 
class-based tap coefficients as found on learning and decod 
ing means for executing preset predictive calculations, using 
the converted data and the tap coefficients associated with 
the class of the data of interest, to decode the converted data 
into original data. 
The present invention also provides a data processing 

method including the steps of assigning data of interest in 
the original data to one of a plurality of classes, based on the 
Subsidiary information, by way of classification, acquiring 
tap coefficients associated with the class of the data of 
interest, in class-based tap coefficients as found on learning 
and executing preset predictive calculations, using the con 
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verted data and the tap coefficients associated with the class 
of the data of interest, to decode the converted data into 
original data. 
The present invention also provides a recording medium 

having recorded thereon a program including the steps of 
assigning data of interest in the original data to one of a 
plurality of classes, based on the Subsidiary information, by 
way of classification, acquiring tap coefficients associated 
with the class of the data of interest, in class-based tap 
coefficients as found on learning, and executing preset 
predictive calculations, using the converted data and the tap 
coefficients associated with the class of the data of interest, 
to decode the converted data into original data. 

According to the present invention, pupil data, as pupil, 
are generated on at least orthogonal or frequency transform 
ing teacher data as teacher. Using the preset Subsidiary 
information, used in generating the pupil data, teacher data 
of interest, among the teacher data, is assigned to one of a 
plural number of classes. Class-based tap coefficients are 
then found by effecting learning so that a prediction error of 
the prediction value of the teacher data obtained on predic 
tive calculations using the tap coefficients corresponding to 
the class of the teacher data of interest and pupil data will be 
statistically minimum. 

That is, the present invention also provides a data pro 
cessing apparatus including generating means for generating 
pupil data, as pupil, at least on orthogonal or frequency 
transforming teacher data as teacher, classification means for 
assigning teacher data of interest in the teacher data to one 
of a plurality of classes, based on the preset Subsidiary 
information used in generating the pupil data in the gener 
ating means, and learning means for effecting learning so 
that a prediction error of the prediction value of the teacher 
data obtained on predictive calculations using the tap coef 
ficients corresponding to the class of the teacher data of 
interest and pupil data will be statistically minimum to find 
class-based tap coefficients. 
The present invention also provides a data processing 

method including the steps of generating pupil data, as pupil, 
at least on orthogonal or frequency transforming teacher 
data as teacher, assigning teacher data of interest in the 
teacher data to one of a plurality of classes based on the 
preset Subsidiary information used in generating the pupil 
data in the generating means and effecting learning so that 
a prediction error of the prediction value of the teacher data 
obtained on predictive calculations using the tap coefficients 
corresponding to the class of the teacher data of interest and 
pupil data will be statistically minimum, to find class-based 
tap coefficients. 

The present invention also provides a recording medium 
having recorded thereon a program including the steps of 
generating pupil data, as pupil, at least on orthogonal or 
frequency transforming teacher data as teacher, assigning 
teacher data of interest in the teacher data to one of a 
plurality of classes based on the preset Subsidiary informa 
tion used in generating the pupil data in the generating 
means and effecting learning so that a prediction error of the 
prediction value of the teacher data obtained on predictive 
calculations using the tap coefficients corresponding to the 
class of the teacher data of interest and pupil data will be 
statistically minimum, to find class-based tap coefficients. 

According to the present invention, converted data used in 
assigning processed data of interest to one of a plural 
number of classes is extracted, at least from a block other 
than a block corresponding to processed data of interest, for 
use as class tap. Based on the class tap, thus found, the class 
of the processed data of interest is found by way of classi 
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6 
fication. Using the tap coefficients of the class of the 
processed data of interest, preset calculations are carried out 
to find a prediction value of the processed data of interest. 

That is, the present invention also provides a processing 
apparatus including acquisition means for acquiring tap 
coefficients as found on learning, class tap extraction means 
for extracting the converted data, used for assigning pro 
cessed data of interest, to one of a plurality of classes, from 
at least a block other than the block associated with the 
processed data of interest, by way of classification, and for 
outputting the extracted data as class tap, classification 
means for finding a class of the processed data of interest 
based on the class tap, and calculating means for executing 
preset predictive calculations, using the tap coefficients of 
the class of the processed data of interest, and the converted 
data, to find a prediction value of the processed data of 
interest. 

The present invention also provides a data processing 
method including the steps of acquiring tap coefficients as 
found on learning, extracting the converted data, used for 
assigning processed data of interest, to one of a plurality of 
classes, from at least a block other than the block associated 
with the processed data of interest, by way of classification, 
and for outputting the extracted data as class tap, finding a 
class of the processed data of interest based on the class tap, 
and executing preset predictive calculations, using the tap 
coefficients of the class of the processed data of interest, to 
find a prediction value of the processed data of interest. 
The present invention also provides a recording medium 

including the steps of acquiring tap coefficients as found on 
learning, extracting the converted data, used for assigning 
processed data of interest, to one of a plurality of classes, 
from at least a block other than the block associated with the 
processed data of interest, by way of classification, and for 
outputting the extracted data as class tap, and finding a class 
of the processed data of interest based on the class tap, and 
executing preset predictive calculations, using the tap coef 
ficients of the class of the processed data of interest, to find 
a prediction value of the processed data of interest. 

According to the present invention, pupil data used for 
assigning teacher data of interest to one of a plural number 
of classes, are extracted at least from a block other than a 
block corresponding to teacher data of interest, for use as 
class taps. Based on these class taps, the class of the reacher 
data of interest is found by way of classification. Predictive 
calculations are carried out based on class-based tap coef 
ficients and the pupil data and learning is then carried out so 
that a prediction error of the prediction value of the teacher 
data obtained on predictive calculations using the class 
based tap coefficients and pupil data will be statistically 
minimum, to find tap coefficients from class to class. 

That is, the present invention also provides a data pro 
cessing apparatus including generating means for generating 
the block-based converted data as pupil data as pupil in 
learning, class tap extraction means for extracting pupil data 
used for assigning teacher data of interest to one of a 
plurality of classes, at least from a block other than a block 
corresponding to the teacher data of interest, with the 
processed data as teacher data as teacher in learning, and for 
outputting the extracted data as class tap, classification 
means for finding a class of the teacher data of interest, 
based on the class tap, and learning means for effecting 
learning so that a prediction error of the prediction value of 
the teacher data obtained on predictive calculations using the 
class-based tap coefficients and pupil data will be statisti 
cally minimum to find the tap coefficients from class to class. 
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The present invention also provides a data processing 
method including the steps of generating the block-based 
converted data as pupil data as pupil in learning, extracting 
pupil data used for assigning teacher data of interest to one 
of a plurality of classes, at least from a block other than a 
block corresponding to the teacher data of interest, with the 
processed data as teacher data as teacher in learning, and for 
outputting the extracted data as class tap, finding a class of 
the teacher data of interest, based on the class tap, and 
effecting learning so that a prediction error of the prediction 
value of the teacher data obtained on predictive calculations 
using the class-based tap coefficients and pupil data will be 
statistically minimum to find the tap coefficients from class 
to class. 

The present invention also provides a recording medium 
having recorded thereon a program including the steps of 
generating the block-based converted data as pupil data as 
pupil in learning, extracting pupil data used for assigning 
teacher data of interest to one of a plurality of classes, at 
least from a block other than a block corresponding to the 
teacher data of interest, with the processed data as teacher 
data as teacher in learning, and for outputting the extracted 
data as class tap, finding a class of the teacher data of 
interest, based on the class tap, and effecting learning so that 
a prediction error of the prediction value of the teacher data 
obtained on predictive calculations using the class-based tap 
coefficients and pupil data will be statistically minimum to 
find the tap coefficients from class to class. 

According to the present invention, converted data used in 
predictive calculations used for decoding data of a data 
block of interest among data blocks is extracted at least from 
a converted block corresponding to a data block other than 
the data block of interest for use as prediction taps. Using the 
tap coefficients and the prediction taps, preset predictive 
calculations are carried out to decode the converted data to 
original data. 

That is, the present invention also provides a data pro 
cessing apparatus including acquisition means for acquiring 
tap coefficients as found on learning, prediction tap extrac 
tion means for extracting the converted data used for pre 
dictive calculations for decoding data of a data block of 
interest among data blocks, each of which is a block of the 
data, at least from a converted block as a block of the 
converted data, corresponding to a data block other than the 
data block of interest, to output the extracted data as 
prediction tap, and calculating means for performing preset 
predictive calculations, using the tap coefficients and pre 
diction taps, to decode the converted data to original data. 
The present invention also provides a data processing 

method including the steps of acquiring tap coefficients as 
found on learning, extracting the converted data used for 
predictive calculations for decoding data of a data block of 
interest among data blocks each of which is a block of the 
data, at least from a converted block as a block of the 
converted data, corresponding to a data block other than the 
data block of interest, to output the extracted data as 
prediction tap, and performing preset predictive calcula 
tions, using the tap coefficients and prediction taps, to 
decode the converted data to original data. 
The present invention also provides a recording medium 

having recorded thereon a program including the steps of 
acquiring tap coefficients as found on learning, extracting 
the converted data used for predictive calculations for 
decoding data of a data block of interest among data blocks 
each of which is a block of the data, at least from a converted 
block as a block of the converted data, corresponding to a 
data block other than the data block of interest, to output the 
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8 
extracted data as prediction tap, and performing preset 
predictive calculations, using the tap coefficients and pre 
diction taps, to decode the converted data to original data. 

According to the present invention, pupil data as pupil are 
generated at least on orthogonal or frequency converting 
teacher data as teacher, and pupil data used in predictive 
calculations for decoding teacher data in a teacher block of 
interest among teacher blocks is extracted at least from a 
pupil block corresponding to a teacher block other than the 
teacher block of interest for use as prediction tap. Tap 
coefficients are then found by effecting learning so that a 
predictive error of the prediction value of the teacher data 
obtained on performing predictive calculations using the tap 
coefficients and the prediction taps will be statistically 
minimum. 

That is, the present invention also provides a data pro 
cessing apparatus including generating means for generating 
pupil data as pupil, by at least applying orthogonal or 
frequency transform to teacher data as teacher, prediction 
tap extracting means for extracting the pupil data used for 
predictive calculations used for decoding teacher data of a 
teacher block of interest among teacher blocks each being a 
block of the teacher data, from at least a block of pupils as 
block of the pupil data corresponding to the teacher blocks 
other than the teacher block of interest, to output the 
extracted data as predictive taps, and learning means for 
effecting learning so that a predictive error of the prediction 
value of the teacher data obtained on performing predictive 
calculations using the tap coefficients and the prediction taps 
will be statistically minimum. 
The present invention also provides a data processing 

method including the steps of generating pupil data as pupil, 
by at least applying orthogonal or frequency transform to 
teacher data as teacher, extracting the pupil data used for 
predictive calculations used for decoding teacher data of a 
teacher block of interest among teacher blocks, each being 
a block of the teacher data, from at least a block of pupils as 
block of the pupil data corresponding to the teacher blocks 
other than the teacher block of interest, to output the 
extracted data as predictive taps, and effecting learning so 
that a predictive error of the prediction value of the teacher 
data obtained on performing predictive calculations using 
the tap coefficients and the prediction taps will be statisti 
cally minimum, to find tap coefficients. 
The present invention also provides a recording medium 

having recorded thereon a program including the steps of 
generating pupil data as pupil, by at least applying orthogo 
nal or frequency transform to teacher data as teacher, 
extracting the pupil data used for predictive calculations 
used for decoding teacher data of a teacher block of interest 
among teacher blocks each being a block of the teacher data, 
from at least a block of pupils as block of the pupil data 
corresponding to the teacher block other than the teacher 
block of interest, to output the extracted data as predictive 
taps, and effecting learning so that a predictive error of the 
prediction value of the teacher data obtained on performing 
predictive calculations using the tap coefficients and the 
prediction taps will be statistically minimum to find the tap 
coefficients. 

According to the present invention, using first data for 
learning of an extraction pattern and second data, the cor 
relation of the first data showing a preset position relation 
ship with respect to the second data lying in a preset position 
is found from one preset position relationship to another. An 
extraction pattern of the first data to be used as the prediction 
tap used for the predictive calculations executed for obtain 
ing the second data is set based on the so found correlation. 
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That is, the present invention also provides a data pro 
cessing apparatus including correlation calculating means 
for finding the correlation of the first data showing a preset 
position relationship with respect to second data lying in a 
preset position, the first and second data being used for 
learning the extraction pattern, from one the position rela 
tionship to another, and setting means for setting the extrac 
tion pattern of the first data to be used as the prediction tap 
used for the predictive calculations executed for obtaining 
the second data, based on the correlation. 

The present invention also provides a data processing 
method including the steps of finding the correlation of the 
first data showing a preset position relationship with respect 
to second data lying in a preset position, the first and second 
data being used for learning the extraction pattern, from one 
the position relationship to another, and setting the extrac 
tion pattern of the first data to be used as the prediction tap 
used for the predictive calculations executed for obtaining 
the second data, based on the correlation. 

The present invention also provides a recording medium 
having recorded thereon a program including the step of 
finding the correlation of the first data showing a preset 
position relationship with respect to second data lying in a 
preset position, the first and second data being used for 
learning the extraction pattern, from one the position rela 
tionship to another, and setting the extraction pattern of the 
first data to be used as the prediction tap used for the 
predictive calculations executed for obtaining the second 
data, based on the correlation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A, 1B and 1C illustrate conventional JPEG encod 
ing/decoding. 

FIG. 2 shows an illustrative structure of a picture trans 
mission system embodying the present invention. 

FIG. 3 is a block diagram showing an illustrative structure 
of a decoder in the picture transmission system. 

FIG. 4 is a flowchart showing the processing in a decoder. 
FIG. 5 is a block diagram showing an illustrative structure 

of a coefficient conversion circuit in the decoder. 
FIG. 6 illustrates instances of a prediction tap and a class 

tap in the decoder. 
FIG. 7 is a block diagram showing an illustrative structure 

of the classification circuit in the coefficient conversion 
circuit. 

FIG. 8 illustrates the processing of a power calculation 
circuit in the coefficient conversion circuit. 

FIG. 9 is a flowchart for illustrating the processing in the 
coefficient conversion circuit. 

FIG. 10 is a flowchart for illustrating the processing in the 
coefficient conversion circuit in more detail. 

FIG. 11 is a block diagram showing an illustrative struc 
ture of a learning device used for learning the tap coefficients 
in the coefficient conversion circuit. 

FIG. 12 is a flowchart for illustrating the processing of the 
learning device. 

FIG. 13 is a block diagram showing an illustrative struc 
ture of the coefficient conversion circuit. 

FIG. 14 is a block diagram showing an illustrative struc 
ture of the learning device. 

FIG. 15 is a block diagram showing another illustrative 
structure of the coefficient conversion circuit. 

FIG. 16 is a block diagram showing still another illustra 
tive structure of the learning device. 

FIG. 17 is a block diagram showing still another illustra 
tive structure of the coefficient conversion circuit. 
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10 
FIG. 18 is a block diagram showing still another illustra 

tive structure of the learning device. 
FIG. 19 is a block diagram showing an illustrative struc 

ture of an encoder in the picture transmission system. 
FIG. 20 is a block diagram showing an illustrative struc 

ture of an MPEG decoder. 
FIG. 21 is a block diagram showing still another illustra 

tive structure of the coefficient conversion circuit. 
FIG. 22 is a block diagram showing still another illustra 

tive structure of the learning device. 
FIG. 23 is a block diagram showing an illustrative struc 

ture of a decoder in another embodiment in which the 
present invention is applied to the picture transmission 
system. 

FIG. 24 shows how 8x8 DCT coefficients in the decoder 
are decoded to 16x16 pixels. 
FIG.25 is a flowchart for illustrating the processing in the 

decoder. 
FIG. 26 is a block diagram showing an illustrative struc 

ture of a coefficient conversion circuit in the decoder. 
FIG. 27 is a block diagram showing an illustrative struc 

ture of a classification circuit in the coefficient conversion 
circuit. 

FIG. 28 is a flowchart for illustrating the processing in the 
coefficient-conversion circuit. 

FIG. 29 is a flowchart for illustrating the processing in the 
coefficient conversion circuit in more detail. 

FIG. 30 is a block diagram showing an illustrative struc 
ture of a learning device responsible for learning processing 
of the tap coefficients of the coefficient conversion circuit. 

FIG.31 is a flowchart for illustrating the processing in the 
learning device. 

FIG. 32 is a block diagram showing another illustrative 
structure of the coefficient conversion circuit. 
FIG.33 is a block diagram showing still another illustra 

tive structure of the learning device. 
FIG. 34 is a block diagram showing still another illustra 

tive structure of the coefficient conversion circuit. 
FIG. 35 is a block diagram showing still another illustra 

tive structure of the learning device. 
FIG. 36 is a block diagram showing still another illustra 

tive structure of the coefficient conversion circuit. 
FIG. 37 is a block diagram showing still another illustra 

tive structure of the learning device. 
FIG. 38 is a block diagram showing an illustrative struc 

ture of the encoder. 
FIG. 39 is a block diagram showing still another illustra 

tive structure of the learning device. 
FIG. 40 is a block diagram showing still another illustra 

tive structure of the learning device. 
FIGS. 41A and 41B show a picture in which time reso 

lution has been improved. 
FIGS. 42A and 42B show a picture in which time reso 

lution has been improved. 
FIG. 43 shows that shows that a class tap and a prediction 

tap are constructed from the DCT coefficients of two or more 
frames. 

FIG. 44 is a block diagram showing an illustrative struc 
ture of a decoder in a embodiment in which the present 
invention is applied to the picture transmission system. 

FIG. 45 is a flowchart for illustrating the processing by the 
decoder. 

FIG. 46 is a block diagram showing an illustrative struc 
ture of a coefficient conversion circuit in the decoder. 

FIG. 47 is a block diagram showing an illustrative struc 
ture of a classification circuit in the coefficient conversion 
circuit. 



US 7,336,829 B2 
11 

FIG. 48 is a flowchart for illustrating the processing by the 
coefficient conversion circuit. 

FIG. 49 is a flowchart for illustrating the processing by the 
coefficient conversion circuit in more detail. 

FIG. 50 is a block diagram showing an illustrative struc 
ture of a learning device learning tap coefficients of the 
coefficient conversion circuit. 

FIG. 51 is a flowchart for illustrating the processing by the 
learning device. 

FIG. 52 is a block diagram showing another illustrative 
structure of the coefficient conversion circuit. 

FIG. 53 is a block diagram showing an illustrative struc 
ture of a learning device. 

FIG. 54 is a block diagram showing another illustrative 
structure of the coefficient conversion circuit. 
FIG.55 is a block diagram showing an illustrative struc 

ture of the learning device embodying the present invention. 
FIG. 56 is a block diagram showing another illustrative 

structure of the coefficient conversion circuit. 
FIG. 57 is a block diagram showing an illustrative struc 

ture of the learning device. 
FIG. 58 is a block diagram showing an illustrative struc 

ture of an encoder in the picture transmission system. 
FIG. 59 is a block diagram showing an illustrative struc 

ture of an MPEG decoder in the picture transmission system. 
FIG. 60 is a block diagram showing another illustrative 

structure of the coefficient conversion circuit. 
FIG. 61 is a block diagram showing another illustrative 

structure of the learning device. 
FIG. 62 is a block diagram showing an illustrative struc 

ture of a decoder in a embodiment in which the present 
invention is applied to the picture transmission system. 

FIG. 63 is a flowchart for illustrating the processing of the 
decoder. 

FIG. 64 is a block diagram showing an illustrative struc 
ture of the coefficient conversion circuit in the decoder. 

FIGS. 65A and 65B illustrate an instance of a cluster tap 
in the coefficient conversion circuit. 

FIG. 66 is a block diagram showing an illustrative struc 
ture of a classification circuit in the coefficient conversion 
circuit. 

FIG. 67 is a flowchart for illustrating the processing of the 
coefficient conversion circuit. 

FIG. 68 is a flowchart for illustrating the processing of the 
coefficient conversion circuit in more detail. 

FIG. 69 illustrates a classification method. 
FIG.70 is a flowchart for illustrating the processing of the 

classification circuit. 
FIG. 71 shows another method for classification. 
FIG. 72 is a block diagram showing another illustrative 

structure of the classification circuit. 
FIG. 73 is a flowchart for illustrating the processing of the 

classification circuit. 
FIG. 74 is a block diagram showing another illustrative 

structure of the coefficient conversion circuit. 
FIG. 75 is a block diagram showing an illustrative struc 

ture of a learning device responsible for learning processing 
of tap coefficients of the coefficient conversion circuit. 

FIG. 76 is a block diagram showing an illustrative struc 
ture of the coefficient conversion circuit. 

FIG. 77 is a block diagram showing another illustrative 
structure of the learning device. 

FIG. 78 is a block diagram showing an illustrative struc 
ture of a embodiment of a decoder in which the present 
invention is applied to the picture transmission system. 

FIG. 79 is a flowchart for illustrating the processing by the 
decoder. 
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FIG.80 is a block diagram showing an illustrative struc 

ture of a coefficient conversion circuit in the decoder. 
FIG. 81 is a block diagram showing an illustrative struc 

ture of a classification circuit in the coefficient conversion 
circuit. 

FIG. 82 is a flowchart for illustrating the processing by the 
coefficient conversion circuit. 

FIG. 83 is a flowchart for illustrating the processing by the 
coefficient conversion circuit in more detail. 

FIG. 84 is a block diagram showing an illustrative struc 
ture of a tap coefficient learning device responsible for 
learning processing of the pattern information. 

FIG. 85 is a flowchart for illustrating the processing by the 
tap coefficient learning device. 

FIG. 86 is a block diagram showing an illustrative struc 
ture of a pattern learning device responsible for learning 
processing of the pattern information. 

FIGS. 87A, 87B and 87C illustrate the processing by an 
adder circuit in the pattern learning device. 

FIG. 88 is a flowchart for illustrating the processing by the 
pattern learning device. 

FIG. 89 is a block diagram showing an illustrative struc 
ture of the coefficient conversion circuit. 

FIG. 90 is a block diagram showing another illustrative 
structure of the tap coefficient learning device. 

FIG. 91 is a block diagram showing another illustrative 
structure of the pattern learning device. 

FIG. 92 is a block diagram showing another illustrative 
structure of the coefficient conversion circuit. 

FIG. 93 is a block diagram showing still another illustra 
tive structure of the tap coefficient learning device. 

FIG. 94 is a block diagram showing another illustrative 
structure of the pattern learning device. 

FIGS. 95A, 95B and 95C illustrate the processing of an 
adder circuit in the pattern learning device. 

FIG. 96 is a block diagram showing another illustrative 
structure of the coefficient conversion circuit. 

FIG. 97 is a block diagram showing another illustrative 
structure of the tap coefficient learning device. 

FIG. 98 is a block diagram showing another illustrative 
structure of the pattern learning device. 

FIG. 99 is a block diagram showing another illustrative 
structure of the coefficient learning device. 

FIG. 100 is a block diagram showing still another illus 
trative structure of the tap coefficient learning device. 

FIG. 101 is a block diagram showing still another illus 
trative structure of the pattern learning device. 

FIG. 102 is a block diagram showing illustrative structure 
of a embodiment of a computer embodying the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Referring to the drawings, the best mode for carrying out 
the present invention is explained in detail. 
The present invention is applied to a picture transmission 

system 20 configured for example in FIG. 2. 
In this picture transmission system 20, picture data to be 

transmitted is supplied to an encoder 21. The encoder 21 
encodes the picture data transmitted thereto by e.g., JPEG 
encoding to form encoded data. That is, the encoder 21 is 
configured similarly to a JPEG encoding device 5 shown in 
FIG. 1A and encodes picture data by JPEG encoding. The 
encoding data, obtained on JPEG encoding by the encoder 
21, is recorded on a recording medium 23, such as a 
semiconductor memory, magneto-optical disc, a magnetic 
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disc, an optical disc, a magnetic tape or a phase change disc, 
or is transmitted over a transmission medium 24. Such as 
ground waves, satellite network, CATV (cable television) 
network, Internet or public network. 
The decoder 22 receives encoded data transmitted from 

the recording medium 23 or over the transmission medium 
24 for decoding to the original picture data. The so decoded 
picture data are Supplied to a monitor, not shown, for e.g., 
display. 
The decoder 22 includes an entropy decoding circuit 31, 

a coefficient conversion circuit 32 and a deblocking circuit 
33, as shown in FIG. 3. 
The encoded data are sent to the entropy decoding circuit 

31, which then entropy-decodes the encoded data to send the 
resulting block-based quantized DCT coefficients Q to the 
coefficient conversion circuit 32. As explained in connection 
with the entropy decoding circuit 11 of FIG. 1C, not only the 
entropy encoded quantized DCT coefficients but also the 
quantization table is contained in the encoded data. This 
quantization table can be used as necessary for decoding the 
quantized DCT coefficients, as will be explained subse 
quently. 

Using the quantized DCT coefficients Q from the entropy 
decoding circuit 31 and tap coefficients as found by learning, 
as later explained, the coefficient conversion circuit 32 
performs preset predictive calculations for decoding the 
block-based quantized DCT coefficients to an original block 
of 8x8 pixels. 
The deblocking circuit 33 deblocks the decoded block, 

obtained in the coefficient conversion circuit 32, to produce 
an output decoded picture. 

Referring to a flowchart of FIG. 4, the processing by the 
decoder 22 of FIG. 3 is explained. 
The encoded data is sequentially supplied to the entropy 

decoding circuit 31. At step S, the entropy decoding circuit 
31 entropy-decodes the encoded data to send block-based 
quantized DCT coefficients Q to the coefficient conversion 
circuit 32. The coefficient conversion circuit executes pre 
dictive calculations, using tap coefficients, to decode the 
block-based quantized DCT coefficients Q from the entropy 
decoding circuit 31 into block-based pixel values, which 
then are sent to the deblocking circuit 33. The deblocking 
circuit 33 at step S executes deblocking of pixel values from 
the coefficient conversion circuit 32 to output the resulting 
decoded picture to finish the processing. 
The coefficient conversion circuit 32 exploits the classi 

fication processing to decode the quantized DCT coefficients 
into pixel values. 
The classification adaptive processing is comprised of a 

classification processing and an adaptive processing. By the 
classification processing, data is classified according to 
properties thereof and adaptive processing is performed 
from class to class. This adaptive processing uses the 
following technique: 

That is, the adaptive processing finds estimated values of 
the original pixel by linear combination of for example, 
quantized DCT coefficients and preset tap coefficients, to 
decode the quantized DCT coefficients to the original pixel 
values. 

Specifically, it is now contemplated that a certain picture 
is teacher data, and another similar picture is DCTed on the 
block basis and quantized to give quantized DCT coeffi 
cients as pupil data, and that an estimated value Ely of a 
pixel value y of a pixel of the picture as teacher data is found 
by a linear combination model prescribed by a linear com 
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14 
bination of a set of a plural number of quantized DCT 
coefficients X, X. . . . and preset tap coefficients w. 
W2. . . . . 

In this case, the estimated value Ely may be represented 
by the following equation (1): 

EIPI-wx+w 2x2 + . . . (1) 

If, for generalizing the equation (1), a matrix W, com 
prised of a set of tap coefficients w a matrix X, comprised 
of a set of pupil data Xi, and a matrix Y comprised of a set 
of estimated values Ey, are defined as 

Will W2 W 

X X X X = 2 - 22 2. 

X X2 " ' " Wii 

w 

w 
W = 

Wy 

Ey. 

Y = Ey2 

Eyy 

the following observation equation (2) holds: 
XW-Y (2) 

where a component X, of the matrix X means number.jpupil 
data of a number i pupil data set (a set of pupil data used for 
estimation of a number i teacher data y) and a component 
w, of the matrix W is a tap coefficient the product of which 
with the number pupil data in the pupil data set. On the 
other hand, y, denotes number i teacher data so that Eyi 
denotes an estimated value of the number i teacher data. 
Meanwhile, in y in the left side of the equation (1), a suffix 
i in the component y, of the matrix Y is omitted, whereas, in 
X, X. . . . in the right side of the equation (1), the Suffix i 
in the component X, of the matrix X is omitted. 

It is now contemplated to apply the least square method 
to this observation equation to find an estimated value Ely 
approximate to the original pixel value y. If a matrix Y 
comprised of a set of true pixel values y as teacher data and 
a matrix E comprised of a set of residuese of the estimated 
value Ely with respect to the pixel value y are defined as 

E= 

et 

y 

2 Y= y 

y 
















































































